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It seems appropriate to preface this paper with some direct 
quotations from a recent publication of national authority which 
deal with .important questions concerning the chemical principles 
of the soil. 
I read from the "Hearings before the Committee on Agriculture 
()f the Unital States House of Representatives" under date of J anu­
ary 28; 1908. 
MR. WHITNEY, CHIEF' OF THE BUREAU OF SOILS. "The in­
vestig~tions of the Bureau of Soils, as to the causes of the de­
terioration of soils, and the causes that limit crop production, 
have changed the view point of the entire world. The recent 
investigations of the Bureau in soil fertility have chang-ed the 
thougllt of the world, and several foreign governments, notably 
the Governments of France, of Japan, of South Africa, and of 
Australia, have ta.ken up these new ideas of soil fertility." (pp. 
428,429.) 
THE CHAIRMAN. "A few years ago the Bureau issued a 
bulletin which was generally construed as meaning to state the 
proposition that all soils had all the plant food necessary for a 
maximum growth or crop. The inference, of course, from that 
was that such being the case one soil was as good as another. 
Now, I would like to know whether the popular conception of 
that bulletin was wrong or whether the position of the Bureau 
has changed." .... , .... 
MR. WHITNEY. "That t ouches on the chemical side of the 
investigations of the Bureau, and we have Mr. Cameron here, 
*Address before the American Society of Agronomy a t Cornell University. Ithaca . New 
York . July 11. 1908. 
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w h o  d i d  t h e  w o r k ,  a n d  p o s s i b l y  h e  m i g h t  a n s w e r  t h a t . "  ( p .  4 3 9 ) .  
M R .  C A M E R O N .  " I  w o u l d  s a y  t h a t  t h e  m a i n  o p p o s i t i o n  t o  
t h i s  v i e w  h a s  b e e n  f r o m  D o c t o r  H o p k i n s ,  f r o m  t h e  U n i v e r s i t y  
o f  I l l i n o i s .  
" A g a i n ,  t h e  B u r e a u  d o e s  c o n t e n d  t h a t  t h e  s o i l  c o n t a i n s  
e n o u g h  p l a n t  n u t r i e n t s  t o  s u p p o r t  l i f e  a n d  g i v e  g o o d  c r o p s ,  f o r  
i t  h a s  b e e n  s h o w n  s c i e n t i f i c a l l y  i n  t h i s  c o u n t r y  a n d  a b r o a d  b y  
m a n y  i n v e s t i g a t o r s  i n  t h e  p a s t ,  a n d  b y  m a n y  n u m e r o u s  r e c e n t  
i n v e s t i g a t i o n s ,  t h a t  a l l  s o i l s  c o n t a i n  p r a c t i c a l l y  a l l  t h e  c o m m o n  
r o c k  f o r m i n g  m i n e r a l s .  N o w ,  i t  i s  a  p r j n c i p l e  o f  c h e m i s t r y  t h a t  
w h e n  a  s o l v e n t  i s  b r o u g h t  i n  c o n t a c t  w i t h  a  s u b s t a n c e ,  t h a t  
s u b s t a n c e  w i l l  g o  i n t o  s o l u t i o n  u n t i l  t h e r e  i s  a  s t a t e  o f  e q u i l i b ­
r i u m  b e t w e e n  t h e  q u a n t i t y  o f  t h e  s u b s t a n c e  o u t s i d e  a n d  i n s i d e ;  
i n  o t h e r  w o r d s ,  w e  g e t  a  s a t u r a t e d  s o l u t i o n .  I f  t h e s e  r o c k ­
f o r m i n g  m i n e r a l s  w e r e  i n  a l l  s o i l s  w e  s h o u l d  h a v e  t h e  s a m e  s o l ­
u t i o n  i n  e v e r y  s o i l ,  a n d  t h a t  h a s  b e e n  s h o w n  t o  b e  t h e  c a s e .  
T h e r e  a r e  v a r i o u s  v a r i a t i o n s ,  d u e  t o  a b s o r p t i o n ,  p e r h a p s  o f  t h e  
s o i l .  I n  t h e  f i r s t  p l a c e ,  I  m u s t  a s k  y o u  g e n t l e m e n  t o  r e m e m b e r  
t h a t  t h e  s o i l  a n d  t h e  p l a n t  a n d  t h e  w a t e r  i n  t h e  s o i l  i s  m o v i n g .  T h e  
s o i l  g r a i n s  a r e  c o n s t a n t l y  m o v i n g ,  a n d  t h e  s o l u t i o n  i n  t h e  s o i l  i s  
c o n s t a n t l y  m o v i n g ,  a n d  t h e  g r o w i n g  p l a n t  i s  c o n s t a n t l y  m o v i n g .  
I f  a  p l a n t  s t o p s  f o r  a  m o m e n t ,  i t  d i e s .  T h e  s o i l  s o l u t i o n  c a n n o t  
s t o p  f o r  a  m o m e n t ,  b e c a u s e  i t  h a s  t o  b e  m o v i n g  a l l  t h e  t i m e .  
W h e n  w a t e r  f a l l s  o n  t , l l e  s o i l  p a r t  o f  i t  r u n s  o f f  t h e  s u r f a c e ,  
a n d  p a r t  o f  i t  r u n s  t h r o u g h  t h e  s u r f a c e  b y  g r a v i t a t i o n  a n d  
c o m e s  o u t  i n  t h e  s u b s o i l ,  a n d  p a r t  o f  i t  s t a r t s  a n d  r i s e s  a s  s o o n  
a s  w e  g e t  s u n l i g h t  o n  t h e  s u r f a c e ,  a n d  t h i s  p a r t  c o m e s  u p  i n  
f i l m s  o v e r  a n d  t h r o u g h  t h e  f i n e r  s p a c e s ,  a n d  i s  b r i n g i n g  w i t h  i t  
d i s s o l v e d  m a t e r i a l  f r o m  b e l o w .  
" T h e  w a t e r  t h a t .  f a l l s  a n d  g o e s  t h r o u g h  d o w n  a n d  o u t  g o e s  
r a p i d l y  t h r o u g h  l a r g e r  o p e n i n g s ,  a n d  g e t s  v e r y  l i t t l e o f  t h e  s o l u b l e  
m a t e r i a l ,  b e c a u s e  i t  i s  n o t  l o n g  i n  c o n t a c t  w i t h  t h e  s o i l  g r a i n s .  
I t  g - e t s  s o m e  b y  r e a s o n  o f  t h e  f a c t  t h a t ,  a s  w e  k n o w ,  o u r  s p r i n g s  
a n d  r i v e r s  a n d  w e l l s  a r e  a l l  s o i l  s o l u t i o n s  a n d  c a r r y  m i n e r a l  m a t ­
t e r .  N o w ,  w a t e r  r i s i n g  b y  c a p i l l a r i t y  c a n n o t  g e t  v e r y  c o n c e n ­
t r a t e d  b e c a u s e  i t ' g e t s  s a t u r a t e d  w i t h  t h e  m i n e r a l s ,  a n d  a n y  e x c e s s  
t h a t  i s  c o n t a i n e d  i n  i t  i s  t h r o w n  o u t ,  e x c e p t  i n  e x t r e m e  c o n d i ­
t i o n s ,  a s  i n  t h e  W e s t ,  a n d  t h e n  w e  g e t  a l k a l i  c o n d i t i o n s ;  b u t  
u n d e r  o r d i n a r y  h u m i d  c o n d i t i o n s  w e  c a n n o t  h a v e  a n  e x c e s s  o f  
i t ,  a n d  t h e  s o i l  s o l u t i o n  i s  b r i n g i n g  m a t e r i a l s  f r o m  b e l o w  w h i c h  
t h e  p l a n t  g e t s ,  a n d  a s  a  m a t t e r  o f  f a c t  t h e  m o s t  i m p o r t a n t  d i s c o v ­
e r y  o f  t h e  B u r e a u  o f  S o i l s  i n  r e c e n t  y e a r s  i s  t h a t  p l a n t s  a r e  f e e d ­
i n g  o n  m a t e r i a l  f r o m  t h e  s u b s o i l s ,  f a r  b e l o w  w h e r e  t h e  r o o t s  g o .  
' I f  t h i s  i s  t r u e ,  a n d  t h e r e  a r e  m a n y  o t h e r  a · r g u m e n t s  i n  t h e  s a m e  
l i n e ,  i t  i s  a b s u r d  t o  m a k e  a n  a n a l y s i s  o f  t h e  s u r f a c e  s o i l  a n d  s a y  
t h a t  i s  t h e  s o i l  t h a t  t h e  p l a n t  i s  f e e d i n g  o n .  I t  i s  n o t .  T h e  
s o l u t i o n  i s  c h a n g i n g  a r o u n d  t h e  p l a n t  r o o t s ,  a n d  i t  i s  n o t  t h e  
s u r f a c e  m a t e r i a l  a l o n e  o n  w h i c h  t h e  p l a n t  i s  f e e d i n g .  
" N o w ,  I  a m  s o r r y  t o  s a y  t h a t  I  s h a l l  h a v e  t o  m a k e  t h i s  p e r ­
s o n a l ,  b u t  i n  I l l i n o i s  t h e y  h a v e  b e e n  c a r r y i n g  o n  a  l o n g  s e r i e s  
o f  e x p e r i m e n t s  a n d  h a v e  b e e n  m a k i n g  a n a l y s e s  o f  t h e  s o i l s ,  a n d  
t h e y  s t a t e d  t h a t  i n  t h e  s o i l s  o f  I l l i n o i s  t h e r e  a r e  j u s t  s o  m a n y  
p o u n d s  o f  n i t r o g e n  a n d  s o  m a n y  p o u n d s  o f  p o t a s h  a n d  s o  m a n y  
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pounds of phosphorus, and we know what a corn crop will take
out of the soil, and therefore we can say that a corn crop will
take out so much each year, and these soils will last only a cer­
tain number of years- I hesitate to say how many, I do not re­
collect how many- I think about fifty years. The work we
carried on, which was largely given in this bulletin which hasbeen criticised, absolut.ely over-throws that contention. The
soil is changing; it is constantly supplying the material of the
soil sol ution, and we know that soils have lasted thousands and
thousands of years, and we have records of soils in India thathave lasted two thousand years, and we know they do not wear
out, and we gave the explanation why they did not, and why theland did not become a sterile waste, and it naturally aroused afeeling of opposition in the breast of this gentleman."
THE CHAIRMAN. "When you say that all soils contain all
the elements of plant food, and there is in those soils at all
times a saturated solution of which all these elements of plantfood make a part, do you not practically say that all soils have
all the plant food they need, and that it is at all times availablefor the plant; or is it not available for the plant if it is in a sat­
urated solution'?"
MR. CAMERON. ;'Certainly, if there is water ~nough; if the
soil is moist."
THE CHAIRMAN. "Is it not therefore a justifiable inferencefrom what you have said, that there is all the time in all soils
enough plant food available for plant life?"
MR. CAMl<-::RON. "True; perfectly true as regards mineral
nutrients."
THE CHAIRMAN. "Then I come back again to the question,
why is it necessary, or is it in your judgment necessary, ever
at any time to introduce fertilizing material into any soil for
the purpose of increasing the amount of plant food in that soiL"MR. CAMERON. "Not in my judgment."
THE CHAIRMAN. "Then in your judgment the only reasonfor the introduction of fertilizers is for the antitoxic effect or
the mechanical effect they may have on the soil."
MR. CAMERON. "Mainly that, but there are probably otherfunctions of fertilizers that we know comparatively little about.We know that certain kinds of life, bacteria, molds, can grow in
certain solutions of salts, and cannot in others. It may be thatfertilizers affect them. But all that is an unexplored field, andlittle is known about it. ..... . If you will allow me to say one
more word about fertilizers: What are fertilizers? What are
the characteristics ,that a substance must have in order to be afertilizer? It must be obtainable in large quantities. It must
also be cheap. Now, the substances which are used as fert­ilizers .in fertilizing material are substances which can be ob­tained in large quantities. 'rhey are the substances, and are the.
only substances, which we can get hold of that we can get inlarge quantitirs, that we can get cheap, and with one exception,
that is sodium chloride-common salt. It has not been much
used as a fertilizer, because it has not any so-called plant foodin it; and yet it has been used in quite a large number of exper­
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i m e n t s  o n  q u i t e  a  l a r g e  s c a l e ,  a n d  w h e r e v e r  i t  h a s  b e e n  u s e d  i t  
h a s  g e n e r a l l y  b e e n  f o u n d  t o  b e  q u i t e  a ,  g o o d  f e r t i l i z e r .  I n  t h e  
i n v e s t i g a t . i o n s  o f  t h e  B u r e a u  w e  h a v e  u s e d  p y r o g a l l o l .  I t  c o n ­
t a i n s  n o  p l a n t  f o o d ,  b u t  c a r b o n ,  h y d r o g e n ,  a n d  o x y g e n ,  y e t  
n e v e r t h e l e s s  i t  i s  a  p o w e r f u l  f e r t i l i z e r ;  b u t  c a n n o t  b e  o b t a i n e d  
c h e a p l y .  I t  i s  w o r t h  o v e r  $ 2  a  p o u n d ,  a n d  n o b o d y  w o u l d  t h i n k  
o f  r e c o m m e n d i n g  i t  a s  a  f e r t i l i z e r . "  
M R .  P O L L A R D .  " I s  t h a t  t h e o r y  a q o u t  a l l  s o i l s  c o n t a i n i n g  
a l l  t h e  n e c e s s a r y  c o n s t i t , u e n t s  o f  p l a n t  f o o d  g e n e r a l l y  h e l d  b y  a l l  
s c i e n t i s t s . ' , .  
M R .  C A M E R O N .  " I t  i s  a c c e p t e d  b y  t h e  p h y s i c a l  c h e m i s t s ,  
a n d  b y  t h e  m a j o r i t y  o f  p l a n t  p h y s i o l o g i s t s ,  a n d  b y  a  l a r g e  p e r ­
c e n t a g e  o f  t h e  a g r i c u l t u r a l  i n v e s t i g a t o r s . "  
M R .  P O L L A R D .  " T h r o u g h o u t  t h e  c o u n t r y ? "  
M R .  C A M E R O N .  " T h r o u g h o u t  t h i s  c o u n t r y  a n d  E u r o p e ;  
m o r e  i n  E u r o p e  t h a n  i n  t h i s  c o u n t r y .  W e  h a v e  r e c e i v e d  f a r  
m o r e  r e c o g n i t i o n  a b r o a d  t h a n  i n  t h i s  c o u n t r y ,  b u t  t h e  a c c e p t a n c e  
o f  i t  i s  g r o w i n g  v e r y  m u c h  m o r e  r a p i d l y .  W i t h i n  t h e  l a s t  t w o  
y e a r s  s e v e r a l  o f  u s  h a v e  l e c t u r e d  a t  t h e  a g r i c u l t u r a l  c o l l e g e s  a n d  
h a v e  e x p l a i n e d  t h e s e  v i e w s ,  a n d  h a v e  s h o w n  t h a t  t h e  c r i t i c i s m  
w h i c h  c a m e  t o  B u l l e t i n  N o .  2 2 ,  o f  w h i c h  I  h a v e  s p o k e n ,  w a s  
l a r g e l y  i n c o r r e c t ,  f o u n d e d  o n  f a l s e  p r e m i s e s ,  a n d  a s  a  r e s u l t  o f  
t h a t  w e  h a v e '  a  l a r g e  m a s s  o f  e v i d e n c e  i n  t h e  f o r m  o f  l e t t e r s ,  
a n d  o t h e r  e v i d e n c e  i n  t h e  f a c t  t h a t  a  n u m b e r  o f  a g r i c u l t  m a l  
s c h o o l s  a r e  n o w  t e a c h i n g  t h i s ,  a n d  a r e  u s i n g  o u r  b u l l e t i n s  a , S  
t e x t  b o o k s ,  t h a t  t h e s e  v i e w s  a r e  a c c e p t e d  e v e r y w h e r e . "  
M R .  P O L L A R D .  " Y o u  h a v e  r e a c h e d  a  p o i n t  w h e r e  t h e r e  i s  
n o  q u e s t i o n  a b o u t  t h e  s o u n d n e s s  o f  t h a t  v i e w ? "  
M R .  C A M E R O N .  " I  f e e l  a b s o l u t e l y  s u r e  o f  i t ,  a n d  I  t h i n k  
t h e r e  i s  n o  q u e s t i o n  b u t  w h a t  9 0  ' p e r  c e n t  o f  t h e  s c i e n t i f i c  m e n - l < ­
o f  t h i s  c o u n t r y  w o u l d  b . a c k  t h a , t  u p . "  
M R .  P O L L A R D .  " T h e  r e a s o n  I  a s k e d  t h i s  q u e s t i o n  i s  t h a t  
i t  s e e m s  t o  m e  t h a t  a l l  t h e  B u r e a u s - I  d o  n o t  s a y  i t  w i t h  r e f e r ­
e n c e  t o  t h i s  B u r e a u  i n  p a r t i c u l a r ,  b u t  a l l  t h e  b u r e a u s  o f  t h e  
v a r i o u s  D e p a r t m e n t s  a t  W a s h i n g t o n - o u g h t  t o  b e  v e r y  c a r e f u l  
a b o u t  s e n d i n g  o u t  m a t t e r  o r  t h a t  k i n d  u n l e s s  t h e y  a r e  s u r e ,  u n ­
l e s s  t h e y  h a v e  p r o v e n  t h e i r  g r o u n d ,  b e c a u s e  i t  i s  l i k e l y  t o  m i s ­
l e a d  a n d  m a k e  t r o u b l e .  T h a , t  w a s  t h e  r e a s o n  I  a s k e d  t h e  q u e s ­
t i o n . "  
M R .  C A M E R O N .  " T h e r e  h a s  n o t  b e e n  a  p u b l i c a t i o n  o n  t h e  
s u b j e c t  o f  s o i l  f e r t i l i t y  g o i n g  o u t  f r o m  t h e  B u r e a u  o f  S o i l s - a n d  
I  t h i n k  I  c a n  s p e a k  a d v i s e d l y ,  f o r  e v e r y o n e  h a s  g o n e  t h r o u g h  
m y  h a n d s - i n  w h i c h  w e  d i d  n o t  h a v e  t h e  e x p e r i m e n t a l  p r o o f  
l o n g  b e f o r e  t h e  p u b J i c a t i o n  w e n t  o u t ,  a n d  t h a t  t h i s  i s  b e i n g r e c o g ­
n i z e d  I  t h i n k  I  c a n  c l a i m  b y  t h e  f a c t  t h a t  a  n u m b e r  o f  a g r i c u l t u r a l  
c o l l e g e s  i n  t h e  c o u n t r y  a r e  u s i n g  o u r  b u l l e t i n s  a s  t e x t - b o o k s .  I  
h a v e  r e c e n t l y  c o m e  f r o m  a  l e c t u r e  t r i p  e x t e n d i n g  f r o m  L o u i s ­
i a n a  t o  M i c h i g a n ,  a n d  I  f o u n d  e v e r y w h e r e  t h a t  t h i s  w a s  
b e i n g  t a u g h t ,  a n d ,  a s  I  s a y ,  o u r  p u b l i c a t i o n s  a r e  b e i n g  u s e d  f o r  
t e x t ' : ' b o o k s . "  ( p p .  4 4 5 - 4 4 9 . )  
" ' S e e  r e p o r t  a d o p t e d  b y  N o r f o l k  C o n v e n t i o n  ( 1 9 0 7 )  o f  t h e  c o m m i t t e e  o f  S e v e n  o n  t h e  P r e s i ­
d e n t ' s  a d d r e s s  b e f o r e  t h e  A s s o c i a t i o n  o f  O f f i c i a l  A g r i c u l t u r a l  C h e m i s t s .  p u b l i s h e d  i n  I l l i n o i s  
C i r c u l a r  1 2 3 .  C .  G .  H  .  .  
Here we have some very plain, concise, and authentic state­
ments of the teaching of the United States Bureau of Soils con­
cerning the chemical principles of soil fertility; and these state­
ments are in harmony with the teaching in past years. Thus on 
page 64 of Bulletin 22 of the Bur~au of Soils, published -in 1903, 
we read: 
"That practically all soils contain sufficient plant food for 
good yields, that this supply will be indetinitely maintained ," 
~tc. 
And on page 59 in the same bulletin were published the fol· 
lowing statements: 
"In the tr.uck soils of the Atlantic coast, where 10 or 15 tons 
of stable manure are annually appl ied to the acre, in the tobacco 
lands of Florida, and of the Connecticut Valley, where 2,000 or 
3,000 pounds of high grade fertilizers carrying 10 percent of pot­
ash are used, even where these applications have been continued 
year after year for a considerable period of time, the dissolved 
salt content of the soil as shown by this method is not essen­
tially different from that in surrounding fields that have been 
under extensive cultivation. 
"In England and in Scotland it is customary to make an al­
lowance to tenants gi ving- up their farms for the unused fertil­
izers applied in the previous seasons. The basis of this is udua1­
-1y taken at 30 to 50 percen t for the first year, and at 10 to 20 per­
cent for the second year after application, but in the experience 
of this Bureau there is no such apparent continuous effect of fer­
tilizers on the c.hemical constitution of the soil." 
Again, on page 21 and 22, Farmers' Bulletin 257, published 
in ' 1906, we hav~ the following definite statements from Professor 
Whitney: 
"There is another way in which the fertility of the soil can 
b~ maintained; viz., by arranging a system of rotation and grow­
ing each year a crop that is not injured by the excreta of the 
preceding crop * * * * In other experiments of Lawes and 
Gilberr. they have maintained for fifty years a yield of about 30 
bushelsof wheat continuously on the same soil where a complete 
fertilizer has been used. * * * * With a rotation of crops 
without fertilizers they have also maintained their yield for fifty 
years a.t 30 bushels, so that the effect of rotation has in such 
case teen identical with that of fertilization." 
It is not my purpose in this paper to discuss the work* a.nd 
theories and conclusions of the Bureau of Soils, except so far as 
seem necessary in fixing upon some chemical principles funda­
mental to the maintenance of the fertility of Amercian soils. 
*See Illinois Experiment Station circulars 72 and 105. a.nd the Norfolk report (1907) of the 
(Jommittee 01 Seven on the President's address of 1906. Association of Official Agricultural Chem­
ists (Science. October 23. and November 6. 1901:1 . and Illinois Experiment Station Circular 12H.) 
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A s i d e  f r o m  n e g a t i v e  f a c t o r s ,  i n c l u d i n g  t h e  p r e v e n t i n g  o f  i n ­
j u r y  b y  d i R e a s e ,  i n s e c t s ,  w e e d s ,  e t c . ,  w e  m u s t  r e c o g n i z e  s i x  e s s e n ­
t i a l  a n d  p o s i t i v e  f a c t o r s  i n  c r o p  p r o d u c t i o n :  
F i r s t ,  t h e  s e e d ,  w h o s e  v a l u e  i s  g o v e r n e d  b y  k i n d  o r  v a r i e t y ,  
b y  p r e v i o u s  s e l e c t i o n  o r  b r e e d i n g ,  a n d  b y  i n h e r e n t  v i t a l i t y  a n d  
t h e  v i g o r  o f  g r o w t h  t o  b e  i m p a r t e d  t o  t h e  y o u n g  p l a n t ;  
S e c o n d ,  t h e  h o m e  o f  t h e  p l a n t ,  o r  t h e  p h y s i c a l  c h a r a c t e r  o f  
t~e s o i l ,  i n c l u d i n g  s t r u c t u r e ,  t e x t u r e ,  a n d  t i l t h ;  
N e x t ,  t h e  h e a t ,  l i g h t ,  a n d  m o i s t u r e ,  w h i c h  i n f l u e n c e  s o  m a r k ­
e d l y  t h e  r a t e  o f  g r o w t h ,  a n d  w h i c h  c a n  b e  c o n t r o l l e d  t o  a  g r e a t e r  
o r  l e s s  e x t e n t  b e y o n d  w h a t  i s  d o n e  u n d e r  t h e  n o r m a l  c o n d i t i o n s  
o f  c r o p  p r o d u c t i o n ;  
A n d  l a s t l y ,  t h e  p l a n t  f o o d ,  a  f a c t o r  o f  n o  l e s s  i m p o r t a n c e  t o  
c r o p  p r o d u c t i o n  t h a n  i s  a n i m a l  f o o d  t o  t h e  g r o w t h  o f  a n i m a l s .  
I t  c a n n o t  b e  s a i d  t h a t  a n y o n e  o f  t h e s e  f a c t o r s  i s  t h e  m o s t  i m ­
p o r t a n t ,  b e c a u s e  e v e r y o n e  i s  a b s o l u t e l y  e s s e n t i a l ;  b u t  i t  c a n  b e  
s a i d  t h a t  o f  t h e  f a c t o r s  t h a t  m a y  b e  c o n t r o l l e d  p l a n t  f o o d  i s  c e r ­
t a i n l y  t h e  m o s t  n e g l e c t e d  , a n d  p o s s i b l y  t h e  l e a s t  u n d e r s t o o d ,  n o t  
o n l y  b y  p r a c t i c i n g  f a r m e r s  b u t  a l s o  b y  s o m e  a g r i c u l t u r a l  t e a c h e r s  
a n d  i n v e s t i g a t o r s .  
F a i l u r e  t o  a p p r e c i a t e  t h e  i m p o r t a n c e  o f  t h e  p l a n t  f o o d  f a c t o r  
i s  d u e  i n  p a r t  t o  t h e  s h o r t - s i g h t e d  v i e w  t o o  c o m m o n l y  g i v e n  t o  t h e  
p r o b l e m .  
T h e  g r e a t  q u e s t i o n  t h a t  s t a n d s  b e f o r e  t h e  s o i l  i n v e s t i g a t o r ,  
a n d  b e f o r e  t h e  A m e r i c a n  p e o p l e ,  i s  n o t  h o w  t o  g r o w  g o o d  c r o p s  f o r  
t h e  n e x t  y e a r  o r  e v e n  t h e  n e x t  g e n e r a t i o n  a l o n e ,  b u t  h o w  t o  p e r ­
m a n e n t l y  m a i n t a i n ,  t h e  f e r t i l i t y  o f  A m e r c i a n  s o i l s .  A s  s o o n  a s  w e  
t r y  t o  p l a n  f o r  p e r m a n e n t  s y s t e m s  t h e n  w e  b e g i n  t o  r e a l i z e  t h e  
l i m i t a t i o n s  o f  o u r  p l a n t  f o o d  s u p p l i e s .  
A n o t h e r  m a t t e r  t h a t  h a s  l e d  t o  m u c h  c o n f u s i o n  a n d  m i s u n d e r ­
s t a n d i n g  i s  t h e  c o m m o n  t a l k  o f  a v a i l a b l e  p l a n t  f o o d ,  a s  d i s t i n c t  
f r o m  t h e  t o t a l  s u p p l y ,  w h e n  a s  a  m a t t e r  o f  f a c t  t h e r e  i s  n o  d e f i n i t e  
l i n e  o f  d i s t i n c t i o n .  T h e  q u e s t i o n  a s  t o  t h e  a m o u n t  o f  a v a i l a b l e  p l a n t  
f o o d  c o n t a i n e d  i n  t h e  s o i l  a t  a n y  g i v e n  t i m e  i s  v e r y  i n s i g n i f i c a n t  
i n  c o m p a r i s o n  w i t h  t h e  q u e s t i o n  h o w  t o  m a k e  p l a n t  f o o d  a v a i l a b l e .  
T h e  p l a n t  f o o d  r e m o v e d  f r o m  t h e  s o i l  b y  a  c r o p  i s  n o t  a v a i l a b l e  
w h e n  t h e  c r o p  i s  p l a n t e d ,  b u t  i t  m u s t  b e  m a d e  a v a i l a b l e  d u r i n g  
t h e  g r u w i n g  s e a s o n .  
P l a n t  f o o d  i s  m a d e  a v a i l a b l e  b y  c h e m i c a l  a n d  b i o c h e m i c a l  p r o ­
c e s s e s ,  o f  w h i c h  a m m o n i f i c a t i o n  a n d  n i t r i f i c a t i o n  a r e  a m o n g  t h o s e  
b e s t  u n d e r s t o o d .  T h e  p r o d u c t s  o f  o r g a n i c  d e c o m p o s i t i o n  a n d  n i ­
t r i f i c a t i o n ,  i n c l u d i n g  v a r i o u s  o r g a n i c  a c i d s ,  c a r b o n i c  a c i d ,  a n d  n i ­
t r i c  a c i d ,  a r e  v e r y  e f f i c i e n t  a s - s o l v e n t s  f o r  t h e  m i n e r a l  p l a n t  f o o d .  
T h u s ,  i n  t h e  c o n v e r s i o n  o f  o r g a n i c  n i t r o g e n  i n t o  n i t r a t e  n i t r o g e n .  
f o r  a  h u n d r e d - b u s h e l  c r o p  o f  c o r n ,  t h e  n i t r i c  a c i d  f o r m e d  i s  a l o n e  
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sufficient to convert seven times a~ much tricalciurn phosphate into 
monocalcium phosphate as would be required to supply the phos­
phorus .for the same crop; but of course it is not limited to this 
reaction. The presence of calcium carbonate, or some free base, 
and of oxygen, as in the aeration of the soil by tillage, will assist 
greatly in the decom'position of the soil and consequent liberation 
of plant food. 
Some inorganic reactions, many organic reactions, and most 
bio~hemical re-a.ctions are not instantaneous, but long continued, 
and the rate of reaction is influenced by many factors, including 
temperature, concentration, aeration, and the presence of cata­
lytic agencies and bacterial food supplies. Under controlled con­
ditions the length of time required for many such reactions is 
now determinable; and any soil investigation is incomplete which 
disrpgards the pr~sence or absence of active decaying organic 
matter. It should be understood, too, that this term is not syn­
onymous with humus. Partially decayed peat has no such value 
as freE:h.farm manure, clover, or other green manures, even 
though the peat may contain as large or larger amounts of plant 
food, and produce similar physical effects. The one is in a sense 
embalmed and very inactive, while definite and continued chemi- · 
cal action is needed and is produced by the fresh materials. 
Among the most unsatisfactory and misleading investigations 
are those from which the use of insoluble plant food materials 
have been condemned because they have not responded when ap­
plied in the absence of adequate supplies of active organic matter. 
Under similar physical conditions the amount of plant food 
made available during the season varies chiefly with three 
factors: namel,Y, the presence of calcium carbonate, the supply 
of decaying organic matter, and the stock or store of fertility 
contained in the soil. 
To supply the soil with decaying organic matter, and with 
lime, if needed, is a necessary part of all extensive agricultural 
practice and, with these provided for, the question of the total 
stock of plant food becomes of first importance. To illustrate 
this importance we may well consider some well known soils. 
The Early Wisconsin brown silt loam prairie, one of the com­
monest soil types in the Illinois corn belt, contains in the plowed 
soil of an acre (7 inches deep) 1190 pounds of phosphQrus and 
36,250 pounds of potassium. For one hundred bushels of corn 
each year the total su p·ply of phosphorus is sufficient for only 70 
years, while the potassium is sufficient for more than 17 cen­
turies. * 
*Illinois Experiment Station Bulletin 123. 
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I n  t h e  u n g l a c i a t e d  y e l l o w  s i l t  l o a m  h i l l  l a n d ,  t h e  m o s t  a b u n ­
d a n t  s o i l  t y p e  i n  s e v e n  c o u n t i e s  o f  s o u t h e r n  I l l i n o i s ,  t h e  t o t a l  
s u p p l y  o f  n i t r o g e n  t o  a  d e p t h  o f  4 0  i n c h e s  i s  s u f f i c i e n t  f o r  l e s s  
t h a n  6 0  s u c h  c r o p s  o f  c o r n ,  w h i l e  t h e  t o t a l  s u p p l y  o f  p o t a s s i u m  
t o  t h e  s a m e  d e p t h  i s  s u f f i c i e n t  f o r  m o r e  t h a n  t e n  t h o u s a n d  c r o p s ,  
a s s u m i n g  i n  b o t h  c a s e s  t h a t  t h e  gr~in i s  h a r v e s t e d  a n d  t h e  s t a l k s  
l e f t  o n  t h e  l a n d .  
F o r  a  h u n d r e d , b u s h e l  c r o p  o f  c o r n  p e r  a c r e  ( g r a i n  a n d  stalk~) 
t h e  t o t a l  s u p p l y  o f  p o t a s s i u m  i n  o u r  p e a t y  s w a m p  l a n d  ( 7  i n c h e s  
d e e p )  i s  s u f f i c i e n t  f o r  4 1  y e a r s ,  w h i l e  i n  t h e  y e l l o w - g r a y  s i l t  l o a m  
o f  t h e  L a t e  W i s c o n s i n  g l a c i a t i o n  i t  i s  s u f f i c i e n t  f o r  6 7 0  y e a r s .  
T h e  a m o u n t s  o f  p l a n t  f < ? o d  r e f e r r e d  t o  r e p r e s e n t  n e i t h e r  t h e  
s o - c a l l e d  a v a i l a b l e  p l a n t  f o o d  n o r  t h e  a c i d - s o l u b l e  p o r t i o n ,  b u t  
t h e  a b s o l u t e  t o t a l  c o n t a i n e d  i n  t h e  s o i l  s t r a t a  m e n t i o n e d .  M a n y  
o t h e r  i l l u s t r a t i o n s  m i g h t  b e  g i v e n  s h o w i n g  e n o r m o u s  differenct~ 
i n  c h e m i c a l  c o m p o s i t i o n  o f  d i f f e r e n t  e x t e n s i v e  t y p e s .  T h u s  t h e  
s o i l  a t  L e x i n g t o n ,  K e n t u c k y ,  u p o n  w h i c h  a r e  l o c a t e d  s o m e  o f  t h e  
e x p e r i m e n t  f i e l d s  o f  t h a t  S t a t i o n ,  c o n t a i n s  f r o m  t e n  t o  t w e n t y  
t i m e s  a s  m u c h  t o t a l  p h o s p h o r u s  a s  t h e  s o i l  u p o n  t h e  U n i v e r s i t y  
f a r m  a t  U r b a n a ,  I l l i n o i s .  
W h i l e  t h e  d e t a i l  s o i l  s u r v e y s  a n d  t h e  l o c a t i o n  o f  b o u n d a r y  
l i n e s  m u s t  b e  b a s e d  p r i m a r i l y  u p o n  s o i l  f o r m a t i o n ,  t o p o g r a p h y ,  
p h y s i c a l  c o m p o s i t i o n  a n d  a p p e a r a n c e ,  c e r t a i n l y  n o  s o i l  c l a s s i f i c a ­
t i o n  i s  c o m p l e t e  w h i c h  i g n o r e s  t h e  d e t e r m i n a t i o n  o f  t h e  t o t a l  s u p ­
p l i e s  o f  p l a n t  f o o d  t h e  s o i l s  c o n t a i n .  
E v e n  t h e  f i g u r e s  g i v e n  a b o v e  m a y  n o t  b e  o f  t h e  g r e a t e s t  i n ­
t e r e s t  f o r  t h e  p r o d u c t i o n  o f  a  f e w  c r o p s ,  b u t ' s h a l l  w e  c o n f i n e  O U 1 '  
a t t e n t i o n ,  t o  t h e  p o s s i b l e  p r o d u c t i o n  o f  a  f e w  m o r e  c r o p s ?  
A m o n g  t h e  g r e a t  m a t e r i a l  p r o b l e m s  o f  t h e  U n i t e d  S t a t e s  o f  
A m e r i c a  t h e r e  i s  o n e  t h a t  s t a n d s  s u p r e m e  a n d  i n c o m p a r a b l e ;  
n a m e l y ,  t o  d i s c o v e r  a n d  t o  p r a - . ; t i c e  s y s t e m s  o f  p e r m a n e n t  p r o s ­
p e r o u s  a g r i c u l t u r e .  T h i s  i s  a  p r o b l e m  t h a t  n o  c o u n t r y  h a s  e v e r  
s o l v e d  a s  w e  m u s t  s o l v e  i t .  
T h e r e  i s  p e r m a n e n t  a g r i c u l t u r e  i n  t h e  v a l l e y  o f  t h e  N i l e ,  e n ­
: r ; i c h e d  b y  t h e  d e p o s i t s  o f  s i l t  f r o m  t h e  a n n u a l  o v e r f l o w .  T h e r e  i s  
p e r m a n e n t  a g r i c u l t u r e  i n  t h e  r i c e  f i e l d s  o f  t h e  G a n g e s  v a l l e y  i n  
I n d i a  a n d  t h e  Y a n g - t z e  K i a n g  i n  C h i n a ,  w h e r e  t h e  s o i l  i s  r e n e w e d  
b y  t h e  f r e q u e n t  t o r r e n t i a l  o v e r f l o w s  o r  b y  i r r i g a t i o n  w i t h  w a t e r  
c a r r y i n g  s u s p e n d e d  f e r t i l i t y  b r o u g h t  f r o m  u n m e a s u r e d  h i l l s i d e B  
a n d  ' m o u n t a i n  s l o p e s ,  
T h e r e  i s  perman~nt a g r i c u l t u r e ,  i n  d e g r a d e d  f o r m ,  i n  m a n y  
c o u n t r i e s ,  o n  s l o p i n g  h i l l  l a n d s  w h o s e  w o r n  o u t  s u r f a c e  s o i l s  a r e  
w a s h e d  a ' w a y  i n  p r o p o r t i o n  e q u a l  a t  l e a s t  t o  t h e  r a t e  o f  e x h a u s ­
t i o n  o f  t h e  m i n e r a l  p l a n t  f o o d ;  w h e r e  t w o  o r  t h r e e  m e a g e r  crop~ 
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can always be grown after the land has been turned back to 
nature for a decade to be restored in some measure by nature's 
own method of covering the land with vegetation, mold, and ~od, 
largely by the aid of legume plants and nitrogen-fixing- bacteria. 
There is almost permanent agriculture on the black cotton salls 
of India which occupy extensive level uplands, where the rain­
fall is all within three months and where during the nine months 
of drouth the soils opens every few feet with cracks a foot wide 
and more than ten feet deep into which more or Ipss of the worn 
out surface soil falls or is carried by the winds or turrential rains 
which break the drouth. Here where the natives turn the soil 
to a depth of two feet or more, cotton, yielding a hundred pounds 
of lint to the acre, is still grown, after hundreds, and possibly 
. thousands, of years of continuous agriculture. 
These deep black cotton soils of India furnish the only example 
of apparent permanent agriculture on land that is not renewed by 
overflow or by erosion or by direct applications of plant food; and 
even here, it may be noted, the product whi~h leaves the farm; 
cotton lint, carries away but little plant food from the soil, and 
the average yield is only one-tenth of that from our own best cot­
ton lands. 
No other country has yet solved for us America's first great 
material problem,- to discover and to practice systems of per­
manent agriculture,- for the wheat belt., and for the corn belt, 
and for the cotton belt; but we believe the problem is being solved 
for the state of Illinois, - not by theories or hypotheses, but by 
mathematical and chemical facts, supported by actual demonstra­
tions in the field and on the farm in a~l parts of the state. So far 
as I have been able to learn the oldest soil experiment fields in the 
United States are in Illinois, with an authentic record and history 
of nearly a third of a century; and extensive invpstigations are in 
progress on subsequently established fields. Lands that were 
once -poor are becoming rich,-rich in materials absolutely re­
quired to make crops. Where 12 bushels of wheat were com­
' monly grown, 30 bushels are now produced, and in both cases the 
same crop rotation is practiced, wheat being grown but once in four 
years on the same field. Where without soil treatment, in the 
best rotation, COlon yields but 50 or 60 bushels, the present aver­
age yield on treated land is from 90 to 100 bushels, under the 
~ame crop rotation. Where clover commonly fa.ils or yields less 
than a ton of hay to the acre, two to three tons are now produced 
on properly treated' land. 
How is this accomplished? Simply by knowing the chemis­
iryof the air and of the soil and by applying that knowledge math­
1 0  '  

e m a t i c a l l y  t o  a g r i c u l t u r e ,  b y  d r a w i n g  u p o n  t h e s e  n a t u r a l  s o u r c e s  
f o r  e v e r y  e l e m e n t  o f  p l a n t  f o o d  w h i c h  t h e y  c o n t a i n  i n  i n e x h a u s t i ­
bl~ . a m o u n t ,  a n d  b y  s u p p l y i n g  f r o m  o t h e r  s o u r c e s  s u c h  e l e m e n t s  
a s  i t  i s  m a t h e m a t i c a l l y  i m p o s s i b l e  f o r  t h e  a i r  o r  s o i l  t o  f u r n i s h  
i n d e f i n i t e l y .  W h e r e  t h e  s o i l  c o n t a i n s  a  v p r y  l i m i t e d  a m o u n t  o f  
a n y  e l e m e n t  o f  p l a n t  f o o d  n o t  p r e s e n t  i n  t h e  a t m o s p h e r e ,  t h a t · e l ­
e m e n t  i s  s u p p l i e d ,  n o t  i n  . s m a l l  q u a n t i t i e s  o f  h i g h - p r i c e d  s o i l  s t i m ­
u l a n t s  a s  i n  t h e  s o - c a l l e d  " c o m p l e t e  f e r t i l i z e r s "  t h a t  h a v e  h e l p e d  
t o  r u i n  ' m u c h  o f  t h e  l a n d s  o f  t h e  e a s t e r n  a n d  s o u t h e r n  s t a t e s ,  b u t  
i n  t h e  p o s i t i v e  a d d i t i o n  o f  p l a n t  f o o d  i n  l a r g e r  a m o u n t s  t h a n  a r e  
T e q u i r e d  f o r  t h e  l a r g e s t  c r o p s ,  s o  t h a t  t h e  s o i l  b e c o m e s  r i c h e r ,  
a c t u a l l y  a n d  m a t h e m a t i c a l l y ,  e v e n  t h o u g h  l a r g e  c r o p s  a r e  r e ­
m o v e d  f r o m  t h e  l a n d ,  T h e  f e r t i l i z e r s  t h u s  u s e d  a r e  n o t  a r t i f i c i a l  
b u t  n a t u r a l ,  a n d  c h i e f l y  i n  t h e  s a m e  f o r m  a s  e x i s t e d  o r i g i n a l l y  i n  .  
o u r  n a t u r a l l y  r i c h  v i r g i n  s o i l ,  
C h i e f  a m o u n g  t h e  m a t e r i a l s  t h a t  w e  h a v e  f o u n d  i t  n e c e s s a r y  
t o  u s e  a r e  f i n e - g r o u n d  p h o s p h a t e  r o c k  a n d  n a t u r a l  l i m e s t o n e ,  t o ­
g e t h e r  w i t h  a b u n d a n c e  o f  l e g u m e  c r o p s ,  w h i c h  m u s t  b e  r e t u r n e d  
t o  t h e  l a n d  e i t h e r  d i r e c t l y  o r  i n  m a n u r e ,  
W e  h a v e  a b s o l u t e l y  p e r m a n e n t  s u p p l i e s  o f  n i t r o g e n  i n  t h e  
a i r ,  t o  b e  s e c u r e d  a s  n e e d e d  b y  m e a n s  o f  c l o v e r  a n d  o t h e r  l e g u m e  
c r o p s ,  a n d  f o r  o u r  s y s t e m  o f  f a r m i n g  w e  h a v e  i n  o u r  c o m m o n  
s o i l s  a l m o s t  u n l i m i t e d  s u p p l i e s  o f  p o t a s s i u m  a n d  o f  t h e  o t h e r  l e s s  
i m p o r t a n t  e s s e n t i a l  m i n e r a l  e l e m e n t s ,  w h i c h  m a y  b e  l i b e r a t e d  a s  
n e e d e d  b y  m e a n s  o f  d e c a y i n g  o r g a n i c  m a t t e r ;  s o  t h a t  w i t h  t h e s e ,  
a s  w i t h  o u r  i n e x h a u s t i b l e  l i m e s t o n e  d e p o s i t s ,  w e  a r e  a g r i c u l t u r a l ­
l y  i n d e p e n d e n t .  B u t ,  a s  t h e  r e s u l t  o f  h u n d r e d s  o f  a n a l y s e s " x - o f  
s o i i s  a n d  c r o p s ,  w e  k n o w  , t h a t  t h e  a v e r a g e  c o m m o n  p r a i r i e  a n d  
u p l a n d  t i m b e r  s o i l s  o f  I l l i n o i s  c o n t a i n  a b o u t  2 , 0 0 0  p o u n d s  o f  t o t a l  
p h o s p h o r u s  p e r  a c r e - f o o t ,  a n d  w i t h  e q u a l  c h e m i c a l  a n d  m a t h e ­
m a t i c a l  a c c u r a c y  w e  k n o w  t h a t  a  h u n d r e d  s u c h  c r o p s  a s  w e  a r e  
n o w  g r o w i n g  o n  o u r  r i c h e s t  a n d  b e s t  f e r t i l i z e d  l a n d s  r e m o v e  f r o m  
t h e  s o i l  a b o u t  2 , 0 0 0  p o u n d s  o E  p h o s p h o r u s .  A  t h o u s a n d  y e a r s  o f  
s u c h  c r o p p i n g  w o u l d  r e q u i r e  e v e r y  p o u n d  o f  p h o s p h o r u s  c o n t a i n e d  
i n  o u r  a v e r a g e  s o i l  t o  a  d e p t h  o f  t e n  f e e t .  
W h a t e v e r  w e  m i g h t  w i s h  t o  b e l i e v e ,  w e  c a n n o t  a l t e r  t h e s e  
a b s o l u t e  f a c t s .  W e  n ,e e d  t o  c o n s e r v e  o u r  s u p p l i e s  o f  p h o s p h o r u s ,  
w h e t h e r  i n  t h e  d e p o s i t s  o f  n a t u r a l  p h o s p h a t e  r o c k  o r  i n  o u r  f a r m  
l a n d s  o r  i n  t h e  p r o d u c t s  o f  t h e  s o i l ,  a s  i n  g r a i n  a n d  b o n e  a n d  a n i . :  
m a l  f e r t i l i z e r s .  O f  c o u r s e  i f  w e  r a i s e  c r o p s  o n l y  h a l f  a s  l a r g e  a s  
a r e  p o s s i b l e  u n d e r  o u r  n o r m a l  c o n d i t i o n s  o f  r a i n f a l l  a n d  s u n s h i n e ,  
t h e n  o u r  d r a f t  u p o n  t h e  s o i l  i s  s o  m u c h  l e s s ;  a n d ,  i f  w e  r e t u r n  i n  
f a r m  f e r t i l i z e r s  a  p a r t  o f  t h e  f e r t i l i t y  r e m o v e d  i n  c r o p s ,  w e  m a y  
* J l l i n o l s  E x p e r i m e n t  S t a t i o n  B u l l e t i n  1 2 3 .  
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still farther postpone the day when the soil will refuse to honor 
the drafts we try to make. 
It would seem not only important and appropriate but 
especially necessary to emphasize these facts, if from the position 
of .highest agricultural authority should continue the widespread 
promulgation of the remarkable theory: 
"That practically all soils contain sufficient plant food for 
good crop yields, that this supply will be indefinit,ely main­
tained l "; that "there is another way in which the fertility of 
the soil can be maintained, viz. , by arranging a system of rota-' 
tion and growing each year a crop that is not injured by the 
excreta of the preceding crop2": and that it is not necessary 
ever at any time to introduce fertilizing material into any soil 
for the purpose of increasing the amount of plant food in that . 
soil.s 
In a public address before the American Hociety of Agronomy 
concerning the Chemical Principles of Soil Fertility, I cannot 
conscientiously omit a protest against this teaching. That crop 
yields are increased by application of plant food materials is uni­
versally and absolutely known, and this fact is of course admitted 
by all; but the mere admission of this absolute fact does not re­
lieve in the least the serious menace to American agdculture of 
the official teaching that such applications are entirely ·unneces­
sary, that it is never necessary at any time to introduce fertiliz­
ing material into any soil for the purpose of increasing the amount 
of plant food in that soil. 
Under this doctrine farmers are taught to use, and to depend 
upon, any means or method that will stimulate crop yields, with 
no purpose or thought of maintaining or increasing the plant 
food in the soil. It is held that crop -rotation is sufficient to main­
tain the fertility of the soil, and that powerful soil stimulants, 
such as quicklime and salt, will also accomplish this end. On 
the other hand, the positive addition of valuable plant food to 
the soil in systems of permanent soil enrichment is distinctly 
discouraged, such practice being denounced as wholly unneces­
sary. Indeed, farmers are strongly encouraged to rob their land 
of its fertility to the greatest possible extent and to make no re­
turn of plant food to tp.e soil. 
Furthermore, under this doctrine there is every inducement 
to sell, for a trifle, not only the milli.on tons of phosphate rock 
now being annually exported from this country, but still larger 
1 From page 64 of Bulle tin 22 of the Bureau of Soils. published in 1903 . 
2 From page 21 of Farmers ' BuTletin 257, by Milton Whitney, Chief of the Bureau of Soils, 
published in 1900. 
3 From the Hearings before the Committee on Al<riculture of the House of Representatives. 
on January 28. 1908. in the Committee 's discussion ,,:ith leading members of the Bureau of Soils. 
' 1 2  
a n d  m o r e  e x h a u s t i v e  a m o u n t s  o f  t h i s  t r e m e n d o u s l y  v a l u a b l e  a n d  

a b s o l u t e l y  n e c e s s a r y  n a t u r a l  r e s o u r c e ,  w h o s e  c o n s e r v a t i o n  i s  o f  

t h e  g r a v e s t  i m p o r t a n c e  t o  t h e  U n i t e d  S t a t e s ,  a n d  o f  t h e  m o s t  

f a r - r e a c h i n g  c o n s e q u e n c e  t o  o u r  n a t i o n a l  p r o s p e r i t y .  

I n d e e d ,  t h i s  i s  a  m a t t e r  o f  s u c h  v i t a l  c o n c e r n  t o  t h i s  c o u n t r y ,  
a n d  e s p e c i a l l y  t o  t h e  g r e a t  a g r i c u l t u r a l  s t a t e s ,  .  t h a t  i t  c a n n o t  
r i g h t l y  b e  i g n o r e d ;  f o r ,  i f  t h e s e  u n s u p p o r t e d  t h e o r i e s  a r e  g e n e r a l ­
l y  a c c e p t e d  b y  t h e  f a r m e r s  o f  t h e  U n i t e d  S t a t e s ,  a n d  i f  t h e  f u t u r e ,  
i n  h a r m o n y  w i t h  a l l  t h e  p a s t ,  o n l y  p r o v e s  t h a t  c r o p  r o t a t i o n  w i l l  
n o t  p e r m a n e n t l y  m a i n t a i n  t h e  f e r t i l i t y  o f  t h e  s o i l ,  a n d  t h a t  t h e  
.  u s e  o f  s o i l  s t j m u l a n t s  o n l y  l e a d s  t o  u l t i m a t e  l a n d  r u i n ,  t h e n  w h o  
s h a l l  e s t i m a t e  w h a t  p r o p o r t i o n  o f  t h e  f a r m s  t h a t  a r e  u o w  p r o s p e r ­
o u s  a n d  c a p a b l e  o f  i n a u g u r a t i n g  a n d  s u p p o r t i n g  s y s t e m s  o f  p r o ­
f i t a b l e  i m p r o v e m e n t  l e a d i n g  t o  p e r m a n e n t  p r o s p e r i t y ,  w o u l d ,  u n ­
d e r  f i f t y  y e a r s '  s t r u g g l e  t o  p r a c t i c e  t h i s  t h e o r y ,  b e c o m e  t o o  c o m ­
p l e t e l y  i m p r o v e r i s h e d  e v e r  t o  r e d e e m  t h e m s e l v e s  f r o m  u l t i m a t e  
l a n d  r u i n ?  
S u r e l y  w e  s h o u l d  c o n s i d e r  t h e  i n a d e q u a t e  f o u n d a t i o n  o f  t h i s  
w i d e l y  p r o m u l g a t e d  h y p o t h e s i s ,  t h a t  p r a c t i c a l l y  a l l  s o i l s  c o n t a i n  
s u . . t f i c i e n t  p l a n t  f o o d  f o r  g o o d  c r o p  y i e l d s ,  t h ( J , t  t h i s  s u p p l y  w i l l  b e  
i n d e f i n i t e l y  m a i n t a i n e c Z ,  t h a t  c r o p  r o t a t i o n  a l o n e  w i l l  m a i n t a i n  t h e  
f e r t i l i t y  O f  t h e  s o i l ,  a n d  t h a t  i t  i s  n o t  n e c e s s a r y  e v e r  a t  a n y  t i m e  t o  
i n t r o d u c e  f e r t i l i z i n g  m a t e r i a l  i n t o  a n y  s o i l  f o r  t h e  p u r p o s e  o f  i n c r e a s ­
i n g  t h e  a m o u n t  o f  p l a n t  f o v d  i n  t h a t  s o i l .  
T h e  o n e  t h e o r y  a d v a n c e d  i n  S U p p O F - t  o f  t h i s  r e m a r k a b l e  d o c ­
t r i n e  i s  ba~ed u p o n  th~ a s s u m p t i o n  t h a t  s u f f i c i e n t  a m o u n t s  o f  s o l ­
u b l e  p l a n t  f o o d  a r e  b r o u g h t  u p  f r o m  t h e  l o w e r  s u b s o i l s  b y  t h e  r i s e  
o f  c a p i l l a r y  w a t e r  t o  c o n s t a n t l y  r e p l a c e  t h e  p l a n t  f o o d  r e m o v e d  
b y  t h e  l a r g e s t  c r o p s ,  a n d  t h u s  t o  p e r m a n e n t l y  m a i n t a i n  t h e  f e r ­
t i l i t y  o f  t h e  s u r f a c e  s o i l .  ( S e e  H e a r i n g s  b e f o r e  t h e  C o m m i t t e e  o n  
A g r i c u l t u r e ,  J a n u a r y  2 8 ,  1 9 0 8 . )  
I n  t h e  f i r s t  p l a c e ,  w a t e r  d o e s  n o t  c o m m o n l y  a c t  a s  r e q u i r e d  
i n  t h i s  t h e o r y .  W h e n  r a i n  f a l l s  o n  t h e  o r d i n a r y  s o i l ,  i t  d o e s  n o t  
g o  d o w n  r a p i d l y  t h r o u g h  t h e  l a r g e r  o p e n i n g s ,  e x c e p t  i n  i n s i g n i f i ­
c a n t  a m o u n t s .  ] i j v e r y o n e  a t  a l l  f a m i l i a r  w i t h  f i e l d  c o n d i t i o n s  '  
k n o w s  a b s o l u t e l y  t h a t  o n  a n  o r d i n a r y  f i e l d  t h e  r a i n  s o a k s  d o w n  
q u i t e  u n i f o r m l y ;  a n d  f a r m e r s  o f t e n  m e a s u r e  t h e  r a i n f a l l  b y  n o ­
t i n g  t h e  d e p t h  t o  w h i c h  i t  h a s  w e t  t h e  s o i l .  E x c e p t  d u r i n g  t o r ­
r e n t i a l  s h o w e r s  w h i c h  a c t u a l l y  f l o o d  t h e  s u r f a c e  o f  t h e  f i e l d  p r a c ­
t i c a l l y  n o n e  o f  t h e  r a i n f a l l  w i l l  p a s s  q u i c k l y  t o  t h e  s u b s o i l .  
I t  i s  w e l l  k n o w n  t h a t  s o l u b l e  m a t e r i a l s  a r e  b r o u g h t  f r o m  t h e  
s u b s o i l  t o  t h e  s u r f a c e  b y  c a p i l l a r y  m o i s t u r e  i n  s e m i - a r i d  c o u n t r i e s  
w h e r e  t h e  w a t e r  l e a v e s  t h e  s o i l ,  n o t  b y  d r a i n a g e ,  b u t  o n l y  
b y  e v a p o r a t i o n ,  a n d  a l s o  t h a t  t h e r e  i s  s o m e  l i t t l e  t e n d e n c y  i n  
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this direction in humid countries, especially in times of partial 
drouth, but for all .normal agricultural conditions this movement 
is insignificant cOlLlpared with the actual losses of plant food in 
drainage water and in crops removed. 
This trut.h is already fully established, not only by the fact 
that under-ground drainage waters always carry off some soluble 
plant food, but also by the fact that in humid regions the surface 
soils are not richer but much poorer than the lower subsoils, in 
potassium, in magnesium, in lime, and in all other constituents 
that dissolve in the soil waters and"that do not accumulate in the 
humus from plant residues. Indeed the surface even of normal 
virgin soils is almost invariably markedly poorer in such mineral 
constituents than are the corresponding lower subsoils; so that 
in all countries the common method employed by geologists 
for ascertaining the relative age of different soils is to determine · 
the depth of soil to which some mineral constituent, as lime, has 
been leached out. It is everywhere recognized, both in science 
and in practice, that more or less of the plant food applied to 
soils is lost by leaching. 
One of the most potent factors in 'the formation of all resi­
dual soils is the process of leaching. Thus, from the leaching of 
disintegrated rock have soils been formed. Limestone soils were 
originally impure limestone rock from which a very large per­
centage of the original rock material has been removed by leach­
ing. No geological fact is better established or more universally 
recognized. From 75 to 90 percent of the original rock for­
mation is not infrequently removed by leaching in the making of 
residual soils. 
Under ordinary circumstances, I would no more think of tak­
ing up the valuable time of this Society by citing proofs of the 
marked and continuous losses of plant food by leaching from the 
surface soil, than I would to cite the proofs that the earth is round, 
for the one fact is as well established as the other; but under the 
extraordinary circumstances of the confident promulgation from 
the position of highest agricultural authority of the theory that 
the fertiitty of American soils will be permanently maintained by 
the rise of plant food in capillary moisture, I feel justified in 
burdening you with one illustration of the hundreds that might 
be given. 
The soil of the famous Rothamsted Experiment Station is 
underlain with a bed of calcium carbonate, in the form of chalk, 
at a depth of eight feet or more. Here, then, is certainly the 
ideal condition with an immense supply of lime in the lower sub­
soil, "far below where the roots go", from which there should be 
1 4  
a n  a b u n d a n c e  c a r r i e d  u p  t o  t h e  s u r f a . c e  b y  c a p i l l a r y  m o i s t u r e ,  i n  
a c c o r d a n c e  w i t h  t h e  t h e o r y  t h a t  " t h e r e  i s . a  s t e a d y  t e n d e n c y  
t o w a r d  a n  a c c u m u l a t i o n  o f  d i s s o l v e d  m i n e r a l  m a t t e r  a t  t h e  
s u r f a c e . * "  
N o w  w h a t  d o  w e  f i n d  t h e  t r u t h  t o  b e ?  I s  t h e r e  a  s t e a d y  t e n d ­
e n c y  t o w a r d  t h e  a c c u m u l a t i o n  o f  l i m e  i n  t h e  s u r f a c e  s o i l  a t  R o t h ­
a m s t e d ?  
T h e  e x i s t i n g  i n f o r m a t i o n  i s  v e r y  c o m p l e t e  o n  t h i s  p o i n t .  
D u r i n g  a  p e r i o d  o f  4 0  y e a r s ,  f r o m  1 8 6 5  t o  1 9 0 5 ,  l a r g e  n u m b e r s  o f  
a n a l y s e s  h a v e  b e e n  m a d e  o f  t h e  R 0 t h a m s t e d  s o i l s .  D u r i n g  t h a t  
t i m e ,  a c c o r d i n g  t o  D i r e c t o r  H a l l * *  a n d  D o c t o r  M i l l e r ,  f r o m  n i n e  
d i f f e r e n t  p l o t s  o n  B r o a d b a l k  F i e l d  t h e r e  h a v e  b e e n  t h e  f o l l o w i n g  
l o s s e s  o f  c a l c i u m  c a r b o n a t e  p e r  a c r e  p e r  a n n u m  f r o m  t h e  s u r f a c e  
9  i n c h e s :  
F r o m  P l o t  2 b . . . . . . . . . . . . . . .  :  . . . . . . . . . . .  , . . . .  . . . . . . . . . . . . . . . . .  5 9 0  p o u n d s  

F r o m  P l o t  3 . . . . . . . . . . . . . . . . . . . . .  .  . . . . .  . .  . . . . . . . . . . . .  . . . . . . .  8 0 0  p o u n d s  

F r o m  P l o t  5 . . . . . . . . . . . . . . . . .  , . . . . . . . . . .  . .  . .  . .  .  ,  . . . . . . . . . . .  .  8 7 8  p o u n d s  

F r o m  P l o t  6 . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . .  .  . . . . . . . . . . . . . . . .  1 1 7 4  p o u n d s  

F r o m  P l o t  7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  '  . . . .  '  . . . . . . . . . . . . . .  .  1 0 1 0  p o u n d s  

F r o m  P l o t  8 . . . . . . . . . . . . . . . . . . . . . . . .  .  , . . . . . . .  . .  . . ,  . . . . . . . . . .  1 1 7 4  p o u n d s  

F r o m  P l o t  9 . . . . . . . . . . . . . . .  ' , '  . .  . . . . . . . . .  . . . . .  . . . .  . . .  . . . . . . .  5 0 4  p o u n d s  

F r o m  P l o t  1 0  . . . . . . . . . .  '  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  .  . . . . . . . . . .  1 0 4 5  p o u n d s  

F r o m  P l o t  1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  1 4 2 9  p o u n d s  

T h e  t r u t h  i s  t h a t  i n s t e a d  o f  a n  a c c u m u l a t i o n  a t  t h e  s u r f a c e ,  
t h e r e  h a s  b e e n  a  l a r g e  l o s s  o f  c a l c i u m  c a r b o n a t e  f r o m  e v e r y  p l o t ,  
t h e  t o t a l  l o s s  i n  4 0  y e a r s  r a n g i n g  f r o m  1 1  t o n s  t o  2 8  t o n s  p e r  a c r e ,  
a n d  v a r y i n g  w i t h  t h e  m a n u r e s  a p p l i e d  a n d  t h e  c r o p s  p r o d u c e d .  
F - u r t h e r m o r e ,  f r o m  e i g h t  d i f f e r e n t  p l o t s  o n  H o o s  F i e l d  t h e r e  
h a v e  b e e n  t h e  f o l l o w i n g  a v e r a g e  y e a r l y  l o s s e s :  
F r o m  P l o t  1 - 0  . . . . . . . .  , . . . . . . . . .  ,  . . . . . . . . . . . . . .  , . . . . . "  . . . . . . .  1 1 8 5  p o u n d s  

F r o m  P l o t  4 - 0 . . .  ' . . . . . . . . . . . . . . . . . . . . . . . .  ,  . . .  ,  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  7 2 3  p o u n d s  

F r o m  P l o t  I - A  . . . .  . . . . . . . . . . . . . . . . . . . . . . ' . . . . . . . . . . . . . . . .  7 ! - l 3  p o u n d s  

F r o m  P l o t  4 - A , . . .  '  .  .  .  .  . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  7 5 0  p o u n n s  

F r o m  P l o t  1 - N  .  .  .  . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  7 7 2  p o u n d s  

F r o m  P l o t  4 - N  . . . . . . . . . . . . . . . . .  , . .  ,  . . . . . . . . . . . . . . .  ,  .  .  .  .  .  .  .  .  .  .  . .  5 5 4  p o u n d s  

F r o m  P l o t  1- 0 . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . .  . . . . . . .  7 5 0  p o u u d s  

F r o m  P l o t  7 - 2  . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  . . . . . .  8 4 8  p o u n d s  

H e r e ,  a g a i n ,  e v e r y  p l o t  r e p o r t e d  h a s  s u s t a i n e d  a .  l a r g e  l o s s ,  
t h e  a v e r a g e  b e i n g  a b o u t  t h e  s a m e  a s  f o r  B r o a d b a l k  F i e l d .  T h e  
i n v e s t i g a t i o n s  r e p o r t e d  a l s o  i n c l u d e  A g d e l l  F i e l d  a n d  L i t t l e  H o o s  
F i e l d ,  b o t h  o f  w h i c h  h a v e  l i k e w i s e  s u f f e r e d  l o s s  i n  a b o u t  t h e  s a m e  
a m o u n t  a s  B r o a d b a l k  a n d  H o o s .  
S u r e l y  w i t h  t h i s  c o m m o n  k n o w l e g e  b y o f  u n c o m p e n s a t e d  l o s s  
l e a c h i n g  i n  a l l  n o r m a l  h u m i d  s e c t i o n s ,  w e  d a r e  n o t  b a s e  o u r  d e f i n i t e  
p l a n s  f o r  s y s t e m s  o f  p e r m a n e n t  a g r i c u l t u r e  u p o n  a  t h e o r y  t h a t  b y  
t h e  r i s e  o f  c a p i l l a r y  w a t e r  p l a n t  f o o d  i s  b r o u g h t  f r o m  t h e  l o w e r  
* C a m e r o n .  i n  C y c l o p e d i a  o f  A m e r i c a n  A g r i c u l t u r e  ( 1 9 0 7 )  V o l .  I .  p a g e  3 7 0 .  

*  * P r o c e e d i n g s  o f  t h e  R o y a l  S o c i e t y  ( 1 0 0 5 )  V o l .  7 7 .  
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subsoils sufficient to meet the needs of large crops and to main­
tain the fertility of the surface soil in all places and for all time;
and yet this is the one foundation upon which the teaching of the
Bureau of Soils rests concerning permanent sypplies of plant food
and is, according to Doctor Cameron, "the most important dis­
covery of the Bureau of Soils in recent years."
In 1839. the following stat~ment was made in Sir HumphreyDavy's Agricultural Chemistry (page 343):
"Some effects att ributed to exhaustion of soil may be owingt o excretions from roots, injurious to the plants _which haveyielded them, and yet beneficial to other kinds of plants; inone instance acting the part of a poison, in the other of amanure" . 
Other literature is also cited in this ancient volume, showing
that the investigation of the problem of toxic excreta from plant
roots was a live question seventy years ago. 
.
That crop rotation has great value has been recognized for
centuries and nowhere has its importance been more clearly shown
than on the oldest 3011 experim~ntfields at the University of Illinois,
where, after 30 years of crop rotation, 58 bushels of corn per acre
are still produced as an, average of the last three crops, while less
than 25 bushels is the average for the same three years on land
where corn has been grown every year for 30 years. The value
of crop rotation must be attributed to the assistance thus renderedin retarding the development and multiplication of injurious in­
sects and fungous or bacterial diseases and pos~ibly in avoidinginjury from poisonous plant excreta, and to the addition of organic
matter, which supplies some nitrogen and hastens the liberation
of other essential elements; but the effect of crop rotation is al­
ways to reduce, and never to augment, the total supply of min­
eral plant food in the soil and subsoil.
The bank must receive deposits as well as to honor che.cks .
and drafts; the merchant must purchase stock as well as to sellgoods ; and likewise, if we are to remove continually plant foodfrom the soil in large crops, we must give back to the soil withintelligence based at least upon the mathematical facts.
This is truly the age of science, but science means knowl­
edge; it does not mean theory or hypothesis. One dollar takenfrom 100 dollars leaves, not 100 dollars, but only ~9 dollars. Thisis a scientific fact which no theory or hypothesis can nullify.
Likewise when a crop removes 20 pounds of phosphorus from the
soil it leaves that soil 20 pounds poorer in phosphorus than before
the crop.was grown. The rotation of crops or the application of
salt or some other stimulant may liberate another 20 pounds ofphosphorus from the solI and thus enable us to grow another 
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c r o p  t h e  n e x t  y e a r ,  a n d  p o s s i b l y  t h i s  m a y  b e  r e p e a t e d  f o r  s e v e r a l  
o r  m a n y  y e a r s ,  b u t  m e a n w h i l e  t h e  t o t a l  s u p p l y  o f  p h o s p h o r u s  i n  t h e  
s o i l  i s  g r o w i n g  s m a l l e r  a n d  s m a l l e r  y e a r  b y  y e a r ,  u n t i l  u l t i m a t e l y  
n e i t h e r  c r ( ) p  r o t a t i o n  n o r  s o i l  s t i m u l a n t s  c a n  l i b e r a t e  s u f f i c i e n t  
p h o s p h o r u s  f r o m  t h e  r e m a i n i n g  m e a g e r  s u p p l y  t o  m e e t  t h e  n e e d s  
o f  p r o f i t a b l e  c r o p s .  
I t  i s  c e r t a i n l y  s a f e  t e a c h i n g  a n d  s a f e  p r a c t i c e  t o  r e t u r n  t o  t h e  
s o i l  a s  m u c h  o r  m o r e  t h a n  w e  r e m o v e  o f  s u c h  p l a n t  f o o d  e l e m e n t s  
a s  a r e  c o n t a i n e d  i n  t h e  s o i l  i n  l i m i t e d  a m o u n t s  w h e n  m e a s u r e d  b y  
t h e  a c t u a l  r e q u i r e m e n t s  o f  l a r g e  c r o p s  d u r i n g  o n e  l i f e t i m e .  
T h e  a v e r a g e  p r a i r i e  s o i l  o f  m o r e  t h a n  2 0  c o u n t i e s  i n  s o u t h e r n  
I l l i n O i s  c o n t a i n s  s u c h  a  l i m i t e d  s u p p l y  o f  p h o s p h o r u s  t h a t  6 0  s u c h  
c r o p s  a s  w e  r a i s e  o n  o u r  b e s t  t r e a t e d  l a n d  i n  t h e  c o r n  b e l t  w o u l d  
r e q u i r e  e v e r y  p o u n d  o f  p h o s p h o r u s  c o n t a i n e d  i n  a  1 2 - i n c h  s t r a t u m  
. o f  t h e  s o u t h e r n  I l l i n o i s  s o i l ;  w h i l e  t w o  c e n t u r i e s  o f  s u c h  c r o p s ,  i f  
t h e y  c o u l d  b e  g r o w n ,  w o u l d  c o m p l e t e l y  e x h a u s t  t h e  s o i l  o f  i t s  
p h o s p h o r u s  c o n t e n t  t o  a  d e p t h  o f  4 0  i n c h e s .  
T h e s e  a r e  t h e  o l d e s t  p r a i r i e  s o i l s  j n  t h e  s t a t e ,  b o t h  a g r i c u l ­
t u r a l I y  a n d  g e o l o g i c a l l y .  T h e y  a r e  a l s o  t h e  p o o r e s t  p r a i r i e  s o i l s  
i n  t h e  s t a t e  i n  t h e  t o t a l  s u p p l y  o f  e v e r y  v a l u a b l e  p l a n t  f o o d  e l e ­
m e n t .  I n  h a r m o n y  w i t h  u n i v e r s a l  e x p e r i e n c e ,  t h e s e  s o i l s  d o  n o t  
i m  p r o v e  b u t  c o n t i n u a l l y  d e t e r i o r a t e  w i t h  t i m e  a n d  u s e  w h e r e  n o  
a d e q u a t e  r e t u r n  o f  p l a n t  f o o d  i s  m a d e .  T h e s e  s o i l s  a r e  n o t  r e ­
n e w e d  b y  d e p o s i t s  f r o m  o v e r f l o w  o r  b y  t h e  r e m o v a l  o f  t h e  d e p l e t ­
e d  s u r f a . c e  b y  e r o s i o n ,  a n d  w i t h o u t  t h e  p o s i t i v e  a d d i t i o n  o f  d e ­
f i c i e n t  p l a n t  f o o d  t h e  f u t u r e  c o n d i t i o n  o f  t h e s e  s o i l s  m u s t  b e  t h e  
s a m e  a s  t h e  p r e s e n t  c o n d i t i o n  o f  m u c h  o f  t h e  l e v e l  u p l a n d  p l a i n s  
o f  p o p u l o u s  C h i n a ,  w h e r e  n o w  e x i s t  s o i l  a r e a s  h u n d r e d s  o f  s q u a r e  
m i l e s  i n  e x t e n t  t h a t  a r e  a b s o l u t e l y  d e p o p u l a t e d ,  t h e  r e s t o r a t i o n  
o f  w h i c h  h a s  b e e n  c a l l e d  " T h e  P r o b l e m  o f  C h i n a " .  
P e r m a n e n t  a g r i c u l t u r e  i s  t h e  o n l y  s t r u c t u r e  u p o n  w h i c h  t h e  
f u t u r e  p r o s p e r i t y  o f  t h e  A m e r i c a n  N a t i o n  c a n  b e  s e c u r e d ,  a n d  t h e  
a b s : ) l l l t e l y  e s s e n t i a l  f o u n d a t i o n  o f  p e r m a n e n t  a g r i c u l t u r e  i s l t h e  
f e r t i l i t y  o f  t h e  s o i l .  
